Abstract
Results
Macrotrabecular (macro-T) subtype (n = 38) and compact subtype (n = 43) showed similar biological and prognostic features. Both showed higher AFP level and worse overall survival than microrabecular (micro-T) subtype (n = 266). Multivariate analysis for overall survival revealed that DCP ! 40, multiple tumor and macro-T/compact subtype were associated with poor overall survival (risk ratio = 2.2, 1.6 and 1.6; p = 0.002, 0.020, and 0.047, respectively). Of note, 32% of macro-T/compact subtype showed early recurrence within 1 year, which showed substantially low (5%) 5 year overall survival, whereas 16% of micro-T/PG subtype did. Twenty-one percent of macro-T/compact subtype showed multiple intrahepatic metastases (! 4) or distant metastases, which resulted in non-curative treatment, whereas 5% of micro-T/PG subtype did. In validation cohort, macro-T/compact subtype was an independent predictor of worse overall survival. PLOS 
Introduction
Hepatocellular carcinoma (HCC) is the sixth most common malignant tumors and the third most common cause of death in the world [1] . We have to address the high frequency of recurrence after curative surgery and chose the appropriate treatment. There are unsolved issues that are 1) limited choice of effective chemotherapeutic agent and 2) unestablished additional treatment on surgery such as neoadjuvant therapy or adjuvant therapy. Sorafenib and regorafenib are accepted chemotherapeutic agent for improving the patient survival, however the efficacy is still limited [2, 3] .
As shown in pathological classification of HCC [4] , there are three types of pathological classifications in HCC; architectural pattern, cytological variants and grading. Although all classifications are important for pathologically understanding the tumor biology, clinical impact of them is not clearly determined. Architectural pattern is based on trabeculae composed by hepatocytes which are well-known histological structure in the normal liver and are surrounded by sinusoidal space where blood stream flows from portal vein to central vein. Hepatocytes produce bile acid and secrete it in biliary canaliculae which face opposite side to sinusoidal space. In HCC cells, trabeculae become thicker and thick trabeculae is considered to be de-defferentiated HCC cells [4] . Previous investigation suggested that compact and thick trabecular subtypes are reported to show higher malignant potential than other subtype [5] . However, detailed clinical course based on architectural classification remains unclear.
We found the robust impact of architectural classification on recurrence pattern and prognosis after curative surgery in patients with HCC. Recurrence pattern was highly implicated in treatment strategy. Prognostication with architectural classification was confirmed by test cohort in our institution and validation cohort in the other institution.
Patients and methods

Patients
In the test cohort, from April 2005 to August 2010, total number of hepatectomy on HCC patients in the department of gastroenterological surgery, Kumamoto University was 651. Among them, consecutive 390 patients with HCC who underwent curative hepatic resection as an initial treatment were evaluated. Patients were pathologically diagnosed as HCC. Pathological findings including an architectural pattern were routinely obtained by experienced pathologists for determining the final stage of the tumor. Trabecular pattern was determined by the number of cords of tumour cells separated by sinusoidal-like vascular spaces. In macrotrabecular pattern, cords were thicker than 5-7 cells, whereas cords were composed of mostly 2-4 cells in microtrabecular pattern. The compact pattern was characterized by extensive compacted hepatocytes without sinusoidal space, resulting in its solid appearance. Patients with combined HCC and cholangiocarcinoma were excluded. In the validation cohort, consecutive 180 patients with HCC who underwent curative hepatic resection in the department of surgery and science, Kyushu University were analyzed. The patients signed informed consent for the current clinical study. Both Kumamoto University and Kyushu University Institutional review boards approved the study.
Statistical analysis
Median value was used as cut-off value for prognostic analysis. Variables with a normal distribution were expressed as mean ± standard deviation (SD); statistical comparisons between the measures or groups were performed using the Wilcoxon test and analysis of variance (ANOVA). Measures with a discrete distribution were expressed as counts (%) and analyzed by the χ2 test or Fischer's exact test. For overall survival (OS) and relapse-free survival (RFS), we used the log-rank test and the Kaplan-Meier method. Univariate and multivariate Cox-proportional hazard analysis was performed to estimate the HR of prognostic factors. The Harrell c-index was used in the prognostic models [6] . Predictive accuracy was evaluated by the cindex, which ranges from 0.5 (no predictive ability) -1.0 (perfect discrimination). P values less than 0.05 were considered significant. Statistical analyses were performed using the JMP program version 10 (SAS Institute, Cary, NC) and R 3.4.4.
Results
Clinical characteristics of patients based on histopathological classification
Based on pathological architectural classification, patients with HCC were classified into 4 sybtypes; microtrabecular subtype (Micro-T), Pseudoglandular subtype (PG), macrotrabecular subtype (Macro-T), and compact subtype (C) (Fig 1A-1D ). Other subtypes including scirrhous subtype (< 0.1%) and sarcomatoid subtype (< 0.1%) were excluded from the analysis because of their exceptional features. Clinicopathological characteristics were compared among groups (Table 1) . Biological feature regarding tumor progression of Macro-T subtype is quite similar to compact subtype rather than to Micro-T subtype. In order to confirm the prognostic impact of architectural classification, disease-free survival ( Fig 1E) and overall survival ( Fig 1F) was compared among four subtypes. Overall survival of Macro-T and compact subtype was worse than that of Micro-T subtype (p = 0.0413 and < .0001, respectively).
Clinical feature and prognostic impact of macro-T/C subtype
Given the biologically similar feature of macro-T and compact subtype, clinical and biological characteristics of these subtypes (Macro-T/C) were compared to that of others (Table 2) . Macro-T/C subtype has a robust correlation to clinical parameters relevant to tumor progression, but not to background liver status. Univariate analysis for overall survival revealed that tumor abnormal des-c-carboxy prothrombin (DCP) level, triple positive tumor markers, alpha-fetoprotein (AFP), lens culinaris agglutinin-reactive fraction of AFP (AFP-L3), and DCP, defined by Kiriyama S et al. [7] , large tumor size, multiple tumor number, vascular invasion positive, gross morphology excepting simple nodular subtype, and Macro-T/C subtype were associated with poor overall survival. Multivariate analysis for overall survival revealed that DCP ! 40, multiple tumor number and Macro-T/C subtype were independent factors associated with poor survival (Table 3) . We did not show differentiation status which was highly correlated with architectural classification, because both tumor grading and architectural classification were biologically very similar and relevant. We also administered tumor grading instead of architectural classification and performed same prognostic analysis on this cohort. We found that poorly differentiated tumor was associated with poor OS, but it was not independent factor associated with poor survival (data not shown). On the basis of the current classification, the HRs were 2.16 (1.316-3.661, P = 0.0020) for DCP ! 40, 1.63 (1.082-2.411, P = 0.0195) for multiple tumor, and 1.56 (1.006-2.389, P = 0.0472) for Macro-T/C subtype. The c-index of the multivariable prediction of overall survival, including DCP, tumor number, and Macro-T/C subtype, was 0.644. Disease-free survival (Fig 2A) and overall survival ( 
Relevance of pathological classification to recurrence pattern
Since early death within 2 years, which is considerably caused by intrahepatic metastasis of primary tumor [8] , is remarkable, postoperative course and recurrence pattern was carefully examined (Table 4 and Fig 3A) . Although the occurrence of intrahepatic metastases was higher in Micro-T/PG subtype than Macro-T/C subtype, Macro-T/C subtype showed higher number of early recurrence within 1 year (p = 0.0026) and intrahepatic metastases (p = 0.0337) at the recurrence resulting in non-curative treatment such as systemic chemotherapy and trans- arterial chemoembolization (TACE) (p = 0.0062). On the other hand, the number of patients who could receive hepatectomy or RFA was higher in patients with Micro-T/PG subtype than those with Macro-T/C subtype (p = 0.0025). Macro-T/C subtype showed higher occurrence of distant metastasis (p = 0.0387). Of note, early recurrence within 1 year occurs in Macro-T/C subtype more highly than Micro-T/PG subtype does (32% vs 16%; Fig 3A and Table 2 . Characteristics of patients based on pathological architectural subgroups (n = 382).
Micro-T/PG (n = 299)
Macro-T/C (n = 81) to miserable 5-year overall survival up to 5% as compared to Macro-T/C subtype with recurrence occurring over 1 year (Fig 3B) . In patients with early recurrence within 1 year (n = 74), either multiple recurrence (!4) or distant metastasis were significantly more seen in Macro-T/ C subtype (n = 17) than Micro-T/PG (n = 14) (p < 0001; Fig 3A) . We further examined whether pathological feature of recurrence is determined by that of primary tumor. Hepatectomy on recurrent lesion was performed in 26 patients. Twenty (87%) out of 23 patients with Micro-T/PG subtype showed same feature as primary tumor, whereas three (13%) out of them showed Macro-T/C subtype. All three patients with Macro-T/C subtype showed same feature as primary tumor. Five patients underwent 3 rd hepatectomy on rerecurence. All five patients showed same pathological features as primary recurrence (S1 Fig). Collectively, pathological feature of intrahepatic metastasis at recurrence is mostly determined by primary tumor except for a few cases with dedifferentiation of tumor.
P-value
Subgroup analysis and clinical implication
In order to further understand the role of architectural classification in tumor development, subgroup analysis on overall survival was performed. Table 4 . Recurrence pattern (n = 196).
Micro-T/PG (n = 151)
Macro-T/C (n = 45)) 
P-value
Intrahepatic recurrence
Validation of prognostic impact of architectural classification
The prognostic impact of architectural classification was validated with another data set in Kyushu University. Consecutive 179 patients who underwent curative hepatectomy from 2004 to 2010 were enrolled. Macro-T/C subtype was associated with both poor disease-free survival (p = 0.0033) and overall survival (p = 0.0047) (S3 Fig). Multivariate analysis for overall survival revealed that only Macro-T/C subtype was an independent factor associated with poor overall survival after curative hepatectomy (S1 Table) . The c-index of the prediction of overall survival including Macro-T/C subtype was 0.604.
Discussion
Here we report the impact of pathological architectural pattern with special reference to recurrence pattern and clinical features in HCC. In this study, we intentionally selected patients who underwent hepatectomy as an initial treatment for HCC, because many patients with HCC undergo curative hepatectomy as a salvage surgery on recurrent tumor after non-curative treatment such as TACE and ablation therapy so that prognostic analysis might be biased by those patients. We found that Macro-T subtype is clinically similar to Compact subtype rather than Micro-T subtype. Macro-T/C subtype showed strong correlation to recurrence pattern and prognosis after curative surgery. Validation of the outcome in another institution confirmed that the Macro-T/C subtype has a robust impact on patient prognosis after curative surgery. At present, it is well known that HCC is characterized by high possibility of intrahepatic recurrence after curative surgery. Early intrahepatic recurrence is considered to be intrahepatic metastasis originating from primary tumor resected at the surgery. Therefore, early recurrence within 2 years has a prognostic impact and clinical implication [8] . The current study revealed that recurrence pattern of Macro-T/C subtype is characterized by 1) early recurrence, 2) multiple intrahepatic recurrences, and 3) recurrences at distant organ especially in lung. Patients with Macro-T/C subtype exhibiting early recurrence within 1 year showed extremely poor survival. These facts suggest that Macro-T/C subtype has highly metastatic potential leading to systemic disease. Additionally, Macro-T/C subtype occurs in late stage of HCC, and prognostic impact of Macro-T/C subtype is significant only in late stage based on the subgroup analysis, suggesting that advanced HCC, but not early stage of HCC, with the pathological feature of Macro-T/C subtype does need additional treatment to control residual cancer cells.
Molecular phenotype of Macro-T/C subtype was introduced recently [9] . Macro-T/C subtype was associated with S2 subclass where AFP value was the highest, supporting the current outcome. High GPC3 and EpCAM expression were also appreciated in S2 subclass. EpCAM expression is associated with invasive phenotype and high histological grade in patients with HCC [10] . Mechanistically, blockade of β-Catenin signaling attenuates EpCAM+ population and proliferation of HCC cells [11] . Src-homology 2 domain-containing phosphatase 2 (Shp2), which has an role in the maintenance and self-renewal of embryonic and adult stem cells, promote the dedifferentiation of hepatoma cells via β-Catenin signaling. Shp2 highly expressed in EpCAM+ population also regulates tumorigenesis and chemosensitivity [12] . Another investigation revealed that Macro-T/C subtype was associated with cell cycle progression, cell proliferation, and activation of an oncogene YAP in HCC [13] . Interestingly, AFP by itself promotes metastasis of HCC cells by up-regulating metastasis-related proteins such as matrix petalloproteinase 2/9 and CXC chemokine receptor 4 [14] . Thus, translational study on therapeutically targetable molecules described above and relevant pathways in HCC patients is challenging but promising future subjects for us.
Since tumor presumably disseminates systemically at the time of hepatectomy for patients with macro-T/C subtype HCC, additional systemic treatment is necessary for them. Efficacy of Sorafenib is widely accepted for patients with unresectable advanced HCC but not for microscopic residual tumor after curative surgery [15, 16] . Recently, Regorafenib which is an oral multikinase inhibitor that blocks the activity of protein kinases involved in angiogenesis, oncogenesis, metastasis, and tumour immunity is also accepted for patients with unresectable HCC [3, 17] . Although the efficacy of Regorafenib as adjuvant chemotherapy is expected, mechanistic investigation for therapy is also important. HCC is well known as hypervascular tumor especially in advanced stage, however poorly differentiated tumor harbors anaerobic glucose metabolism detected by fluorodeoxyglucose positron emission tomography [18] . Clinical challenge targeting the mechanism depending on hypoxic condition is shown in phase III trial with Girentuximab, which is a major effector of the hypoxia inducible factor-1-mediated transcriptional response to tumor hypoxia and its critical role in tumor progression is well-recognized [19, 20] , on high-risk renal cell carcinoma patients as adjuvant treatment following nephrectomy. Although the clinical benefit on OS and DFS were not demonstrated [21], on subset analysis, patients with high CA IX score experienced a statistically significant treatment effect with improved DFS (HR = 0.55; p = 0.01) [22] . Selecting patients with appropriate biomarker for additional treatment in addition to the curative surgery might be effective strategy for patients with HCC given the genetically diverse nature of solid tumor [23, 24] .
We have to further address some limitations in the current study. Pathological architectural classification is based on the definition of WHO and was determined by a pathologist who is unaware of patient clinical information. We tried to make sure the definition of thick trabecular pattern by showing the number of cords of tumour cells. However, the detailed description discriminating thick trabecular and thin trabecular pattern is not provided in WHO definition, and thus we dare to describe it to emphasize the prognostic importance of macro-T/C subtype which prefers to lose sinusoidal space between hepatocytes and obtain a hypoxic condition. Although this issue needs consensus meeting with authorized liver pathologists, we here propose that thick trabecular subtype is clinically and biologically discriminated from thin trabecular subtype based on the current observational study.
Conclusions
The current study is the first to show the clinical impact of histological architectural classification on recurrence pattern and prognosis after curative surgery in patients with HCC. It is revealed that Macro-T/C subtype is correlated with preoperative aggressive phenotype of tumor and results in higher early reccurence rate, higher number of liver metastasis, less chance of receiving hepatectomy/RFA on the recurrence, and poor prognosis after curative hepatectomy, especially for patients with advanced staged tumor. Postoperative clinical course is determined by histologic nature, and macro-T/C subtype with early recurrence needs additional treatment on top of the radical resection. 
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